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The Impact of Cleavage Stage Biopsy on Blastocyst Development

Reem Khalifa Al-Mannai, LRCS&PI, BCh, BAO (NUI), MSc*

Objective: To evaluate the impact of blastomere biopsy on mouse embryos at cleavage stage and
the cofactors that may affect the blastocyst development.

Design: An Experimental Animal Study.
Setting: Department of Obstetrics and Gynecology, University of Monash, Melbourne, Australia.

Method: Cleavage stage of mice embryos at four cells (group 1) and eight cells were biopsied;
the eight-cell embryos either had one cell (group 2) or two cells removed (group 3). The effect of
biopsy on the embryo was compared with the control group (group 4, no biopsy).

Result: The rate of hatched blastocyst was significantly better in group 4 (77.27%) compared to
group 1 (50%) (P-value=0.0023) and similar to group 2 (66.7%) and group 3 (64 %). There was
no significant impact on the number of blastomeres removed in eight-cell stage and blastocyst
development. The overall hatched blastocyst rate was significantly lower in the biopsied embryos
incubated in the Ca?’/Mg* free medium for more than 15 minutes, P-value=0.0455.

Conclusion: Biopsy of cleavage-stage embryos at eight-cell stage have less adverse impact on
blastocyst viability compared to biopsy at four-cell stage. The incubation of embryos in Ca*/Mg**

free medium for more than 15 minutes reduced blastocyst development.
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The pre-implantation genetic diagnosis (PGD) is an integral
procedure of assisted reproduction technology since its
introduction in 1990. It has been developed as a screening and
diagnostic technique for patients at risk of transmitting genetic
diseases to their offspring.

The PGD and pre-implantation genetic screening (PGS)
techniques facilitate the genetic investigation of the human
embryo by either biopsy of polar bodies from oocyte at the
day of retrieval or day 1 of fertilization, biopsy of one or two
blastomeres from cleavage stage embryo, and of trophectoderm
cells from blastocyst stage'”.

Cleavage stage biopsy of one or two blastomeres remains the
preferred practice for PGD, accounting for approximately
90% of the reported cases'*. Up to date, no agreement has
been reached on how many blastomeres should be biopsied
for genetic investigation. Studies reported adverse effects on
the embryo development and pregnancy rate subsequent to the
removal of two blastomeres™®. In contrast, van de Velde et al
suggested that biopsy of one or two cells at the cleavage stage
(8 cells) does not affect the implantation or the pregnancy rate,
with the advantage of improving the efficacy of the diagnostic
tests”s.

The standard IVF culture medium can be used for the biopsy
during PGD. However, its effectiveness depends on the
development stage of the embryo'. Embryos at cleavage stage

of 6-8 cells which showed compaction loosened the blastomeres
from the membrane when incubated in Ca™?/Mg*™ free medium
for a short period; the effectiveness of this practice was reported
by Dumoulin J et al and suggested no adverse outcome on the
embryo development®®. This is becoming a common practice
for biopsy at cleavage stage'’*. However, others suggested that
by incubating the embryo in such a medium could compromise
the embryo’s survival ability'.

Cleavage stage biopsy is an invasive test which evaluates
the genetic composition of the embryo; the procedure carries
adverse effects on the embryo development. The benefit of the
procedure outweighs the risks involved.

The aim of the study is to evaluate the optimal embryo
developmental stage for biopsy and the impact on the embryo
development.

METHOD

Female F1 mice (CBA X C57B16/)) of approximately 5-7
weeks old were super-ovulated. One hundred twelve two-
cell embryos were collected and cultured for 24 hours in a
humidified CO2 incubator at 37°C under 5% v/v. The following
day, the embryos were evaluated and grouped according to cell
number; only 4-8 cell embryos were included in the study. The
embryos were evenly and randomly allocated to the four study
groups, see figures 1 and 2.
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Group 1

(4cell/one blastomere biopsy)

Group 2

(8cell/one blastomere biopsy)

Follow each Embryo to Calculate the Rate of
| Day6PostBiopsy | Hatched Blastocyst (Day6)

Group 3

(8cell/two blastomere biopsy)

Group 4

(control/no blastomere biopsy)

Figure 1: Study Design

Embryos were de-compacted in Ca*/Mg?* free biopsy media.
The total time of incubation in the biopsy media was less than
15 minutes. A research instrument (RI) stage micromanipulator
with non-contact Saturn laser system was used in the study
(Cornwall, England). After the biopsy, the embryos were
cultured in a cleavage medium (Cook Medical). All embryos
were transferred to blastocyst medium (Cook Medical,
Australia) 90 hours post-hCG injection, and continued
recording their development up to day six post-insemination,
see figure 2.

Table 1: Number of Embryos Biopsied and the Rate of the
Hatched Blastocyst in the Four Groups

Number ~ Number Number Number The rate
Research of ofembryo  of embryo  of grade-6  of hatched
Group 2-cell  suitable for  survived  blastocyst on  blastocyst
collected biopsy  after biopsy Day 6 (Grade 6)
Group 1
(4cell/1cell 28 28 28 14 50%
biopsied)
Group 2
(8cell/1cell 28 26 25 16 64%
biopsied)
Group 3
(8cell/2cell 28 26 24 16 66.66%
biopsied)
Group 4
control (no 28 22 - 17 7127%
biopsy)

No significant difference was discovered between one or two
blastomeres removed from the 8-cell embryos group 2 and group
3, 16/25 (64%) and 16/24 (66.7%), respectively. However, a
significant difference was discovered in the rate of hatched
blastocysts between group 1 (4-cell) and group 4 (control),
14/28 (50%) and 17/22 (77.3%), respectively, P-value=0.0023.
A significant difference was also discovered between the 4-cell
group and both 8-cell groups, P-value=0.0455, see table 1 and
figure 3.
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Figure 2: (A1-A2) Biopsy of 4-Cell Mouse Embryo, (B1-B2)
Biopsy of 8-Cell Mouse Embryo

Embryos of the control group (group 4) were transferred to
the biopsy medium for <15 minutes and then treated as the
biopsied embryos.

Statistical analysis was performed using SPSS, version 20.0.
A Pearson’s Chi-square test (X?) was used for statistical
comparisons between the groups. A P-value of <0.05 was
considered significant.

RESULTS

One hundred twelve 2-cell embryos were collected randomly
and were evenly divided between the four groups. Twenty-
eight (25%) 4-cell embryos had one cell removed, and 52
(46%) 8-cell embryos either had one or two cells removed. The
remaining 22 (19.6%) embryos that were not manipulated (no
biopsy) were used as control; 10 embryos were excluded due to
poor quality, see table 1.

154

The Rate of Hatched Blastocyst

*

90%

80%
70%

60%

50% -
[}
40% -

30% -

20% -
10% -

0% <
Group 1 Group 2 Group 3 Group 4

Figure 3: The Rate of Hatched Embryo on Day 6 per Group,
P-Value*= 0.0023

The total incubation time of the embryos in the Ca+2/Mg+2
free media of more than 15 minutes had a significant impact
on the rate of the hatched blastocyst, see figure 4. Only 1/4
(25%) of the embryos hatched when incubated in the biopsy
medium for more than 15 minutes compared to 57/86 (66%)
and 8/12 (67%) embryos when incubated for less than 15
minutes (P-value=0.0455).
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Figure 4: The Rate of the Hatched Blastocyst in Relation to
Time Spent in The Biopsy Medium



DISCUSSION

PGD is used to detect disorders and genetic conditions'.
It is based on the concept that embryos at early stages have
blastomeres, which are totipotent'>'*. Therefore, every cell
is an equal indicator of the whole. However, the innocence
of the procedure still could not be assumed, as removal of
nucleated blastomere from the embryo is a random biopsy and
may upset the cellular organization of the embryo'*. The effect
demonstrated in this study was with the reduction of the rate of
the hatched blastomeres in the four-cell embryo. However, no
statistically significant difference was discovered in the rate of
hatched embryos between the control group and 8-cell biopsied
embryo groups; the result is similar to previous studies which
failed to detect any adverse effect of the biopsy on 8-cell
embryo viability and blastocyst development in-vitro’'s.

Incubating the embryo in Ca*’/Mg** free medium facilitates the
decompaction process, and makes the biopsy easier'®. In this
study, it was found that embryos incubated for more than 15
minutes in the biopsy medium caused a reduction in the hatched
blastocyst rate (25%) compared to the hatched rate in embryos
incubated for less than 15 minutes (66%). The incubation time
was similar to the clinical incubation time in PGD laboratories.
It could be due to the small sample size (n=77) or the exposure
of the embryos to the different culture media causing epigenetic
or imprinting changes that may impact embryo development
and clinical outcomes'”%".

A study found that up to 40 minutes in the biopsy medium
would not have any adverse effect on the viability of the
embryo®'. Another study found no loss of viability of the
biopsied embryos after incubation of up to 90 minutes®?. Further
assessment is required for the effect of the biopsy medium on
the viability of the embryo. One of the main limitations of the
study is the small sample size, which may have an impact on
the validity of the results.

CONCLUSION

The best time for cleavage stage biopsy is at the eight-cell
stage and incubation period in the biopsy medium should
be less than 15 minutes to reduce the adverse effect on
embryo viability.

Randomized controlled studies with the use of in-vitro
mouse embryos to validate the optimal biopsy stage are
recommended. In addition, evaluation of the impact of
blastomere biopsy on human embryo at cleavage stage
and the different cofactors that may have an effect on the
blastocyst development are recommended.

Author Contribution: All authors share equal effort
contribution towards (1) substantial contributions to conception
and design, acquisition, analysis and interpretation of data;
(2) drafting the article and revising it critically for important
intellectual content; and (3) final approval of the manuscript
version to be published. Yes.

Potential Conflicts of Interest: None.

Competing Interest: None.

The Impact of Cleavage Stage Biopsy on Blastocyst Development

Sponsorship: None.
Acceptance Date: 25 July 2018.

Ethical Approval: Approved by the Monash Medical Center
Animal Ethics Committee ‘A’ under approval no. MMC
2011/84.

REFERENCES

1. Harton GL, Magli MC, Lundin K, et al. ESHRE PGD
Consortium/Embryology Special Interest Group Best
Practice Guidelines for Polar Body and Embryo Biopsy
for Preimplantation Genetic Diagnosis/Screening (PGD/
PGS). Human Reproduction 2011; 26(1):41-6.

2. Preimplantation Genetic Diagnosis. Fertility and Sterility
2006; 86(5, Supplement):S257-S8.

3. Phakphum P, Pornpimol R. Method of Embryo Biopsy
for Preimplantation Genetic Diagnosis. Thai Journal of
Obstetrics and Gynaecology 2001; 13(2):115-123.

4. Harper J, Coonen E, De Rycke M, et al. ESHRE PGD
Consortium Data Collection X: Cycles from January to
December 2007 with Pregnancy Follow-Up to October
2008. Human Reproduction 2010; 25(11):2685-707.

5. Haapaniemi KK, Malmgren H, Nordenskjold M, et al.
One-Cell Biopsy Significantly Improves The Outcome
of Preimplantation Genetic Diagnosis (PGD) Treatment:
Retrospective Analysis of 569 PGD Cycles at the
Stockholm PGD Centre. Human Reproduction 2012;
27(9):2843-9.

6. De Vos A, Staessen C, De Rycke M, et al. Impact Of
Cleavage-Stage Embryo Biopsy in View of PGD on
Human Blastocyst Implantation: A Prospective Cohort
of Single Embryo Transfers. Human Reproduction 2009;
24(12):2988-96.

7. Van De Velde H, De Vos A, Sermon K, et al. Embryo
Implantation after Biopsy of One or Two Cells from
Cleavage-Stage Embryos with a View to Preimplantation
Genetic  Diagnosis.  Prenatal ~ Diagnosis ~ 2000;
20(13):1030-7.

8. Goossens V, De Rycke M, De Vos A, et al. Diagnostic
Efficiency, Embryonic Development and Clinical
Outcome after the Biopsy of One or Two Blastomeres for
Preimplantation Genetic Diagnosis. Human Reproduction
2008; 23(3):481-92.

9. Dumoulin J, Bras M, Coonen E. Effect of Ca2+/Mg2-+-
free Medium on the Biopsy Procedure for Preimplantation
Genetic Diagnosis and Further Development of Human
Embryos. Human Reproduction 1998; 13(10):2880-3.

10. McArthur SJ, Leigh D, Marshall JT, et al. Blastocyst
Trophectoderm Biopsy and Preimplantation Genetic
Diagnosis for Familial Monogenic Disorders and
Chromosomal Translocations. Prenatal Diagnosis 2008;
28(5):434-42.

11. Baruch S, Adamson GD, Cohen J, et al. Genetic Testing
of Embryos: A Critical Need for Data. Reproductive
BioMedicine Online 2005; 11(6):667-70.

12. Suwinska A, Czotowska R, Ozdzenski W, et al.
Blastomeres of the mouse Embryo Lose Totipotency
after the Fifth Cleavage Division: Expression of Cdx2
and Oct4 and Developmental Potential of Inner and Outer
Blastomeres of 16-and 32-cell Embryos. Developmental

155



Bahrain Medical Bulletin, Vol. 40, No.3, September 2018

13.

14.

15.

16.

17.

156

Biology 2008; 322(1):133-44.

Edwards RG, Beard HK. Oocyte Polarity and Cell
Determination in Early Mammalian Embryos. Molecular
Human Reproduction 1997; 3(10):863-905.

Combelles CMH. What are the Trade-Offs Between One-
Cell and Two-Cell Biopsies of Preimplantation Embryos?
Human Reproduction 2008; 23(3):493-8.

Hardy K, Martin KL, Leese HJ, et al. Human
Preimplantation Development in Vitro is not Adversely
Affected by Biopsy at the 8-Cell Stage. Human
Reproduction 1990; 5(6):708-14.

Nijs M, Camus M, Van Steirteghem A. Evaluation of
Different Biopsy Methods of Blastomeres from 2-Cell
Mouse Embryos. Human Reproduction 1988; 3(8):999-
1003.

Brodie D, Beyer C, Osborne E, et al. Preimplantation
Genetic Diagnosis for Chromosome Rearrangements—
One Blastomere Biopsy versus Two Blastomere Biopsy.
Journal of Assisted Reproduction and Genetics 2012;
29(8):821-7.

18.

19.

20.

21.

22.

Beyer C, Osianlis T, Boekel K, et al. Preimplantation
Genetic Screening Outcomes are Associated with Culture
Conditions. Human Reproduction 2009; 24(5):1212-20.
Khosla S, Dean W, Brown D, et al. Culture of
Preimplantation Mouse Embryos Affects Fetal
Development and the Expression of Imprinted Genes.
Biology of Reproduction 2001; 64(3):918-26.

Khosla S, Dean W, Reik W, et al. Culture of
Preimplantation Embryos and its Long-Term Effects on
Gene Expression and Phenotype. Human Reproduction
Update 2001; 7(4):419-27.

Santalo J, Grossmann M, Egozcue J. Does Ca/Mg-
Free Medium Have an Effect on the Survival of the
Preimplantation Mouse Embryo after Biopsy? Human
Reproduction Update 1996; 2(3):257-61.

Taskin AC, Akkoc T, Caputcu AT, et al Optimal Method
of Mouse Blastomere Biopsy: In Vitro Developmental
Potential of the Biopsied Embryo to Blastocyst Stage
after Aspirated Eight-Cell Mouse Embryos. Journal of
Animal and Veterinary Advances 2011; 10(22):3027-30.



